Although pesticides are used against the targeted pests, they also have an effect on non-target organisms like invertebrates and fish in the aquatic ecosystem [5] [6] [7] . So fish can be successfully used as a model organism to understand the deleterious effects of pesticides.
Fish is considered the most economical source of animal protein in developing countries and is extensively cultured in inland water bodies. It is necessary to study the lethal effects of pesticides on hematology and biochemical alterations due to their deposition into various fish tissues and its after-effects on humans as an end user [2] . The lethal effects of organophosphorus and carbamates on fish can be studied by using different biomarkers like hematological, biochemical, and enzymological parameters [5, 7] , and the changes in these parameters may be used as health indicators of fish [8] . The toxicity of these pesticides also affects normal body metabolism, which is directly or indirectly on the survival, susceptibility towards parasite, diseases, and growth of fish [7] . The influence of continuing exposure of pesticides on fish growth can be assessed either by RNA/DNA ratio or changes in important constituents like protein and fat to compensate the stress of chemical toxicants [3] . The presence of many pesticides has been reported in rivers and fish in the freshwater ecosystem [1] .
Pesticides in the freshwater ecosystem affect different physiological and biochemical parameters of fish [1, [9] [10] [11] . Many researchers have mentioned a decrease in the body proximate composition of fish against different pesticides [10] [11] [12] . Aquatic pollution can cause various changes, ranging from biochemical changes in a single cell to alterations in the whole population. Generally, the various indicators are used in toxicity studies such as mortality, survival, and growth with acute toxicity tests. These parameters are quite useful for short-term studies, but for long-term sublethal concentrations these parameters are difficult to verify. The study was aimed at determining: (i) the impact of sublethal concentrations of profenofos on the proximate composition of Catla catla, Labeo rohita, and Cirrhinus mrigala and (ii) the maximum allowable toxicant concentration (MATC) of profenofos based on the proximate composition of fish muscle.
Materials and Methods
The specimen of Catla catla, Labeo rohita, and Cirrhinus mrigala (total length 90.12±6.10 mm and 31.22±2.44 g body weight) were procured from a local fish hatchery and transported in plastic containers to the laboratory. The specimens were acclimatized to laboratory conditions for two weeks in a tank with dechlorinated water. After acclimatization, 20 specimens of each species were stocked in glass aquaria (70L) before exposure with profenofos. Fish were given a fish feed diet (35% crude protein) @ 3% of their body weight every 8 hours. th part of LC 50 ) concentrations of profenofos in triplicate for 60 days, respectively. The water was renewed after every 24 hrs. The study was performed at an ambient temperature of 28±2ºC. The concentration of dissolved oxygen, pH, and water temperature was recorded and monitored during the experimental period. The fish were exposed to profenofos in a static bioassay system and the control fish were also given carrier solvent only.
RNA/ DNA Ratio
After 60 days of exposure to sublethal concentrations of profenofos, 7 specimens of C. catla, L. rohita, and C. mrigala were procured from each treated aquaria and anesthetized with MS222, dissected to take the muscle tissue samples, and stored at -20 o C in the freezer. Nucleic acid was extracted by following the methods of [13] .
Proximate Analysis Seven C. catla, L. rohita, and C. mrigala fish from each treatment were collected for proximate analysis (moisture, crude protein, fat, and ash) by following standard procedures as described in [14] . Fish were dissected and muscle samples were separated, frozen in liquid nitrogen, and stored at -20°C. The percentage of carbohydrate was calculated as nitrogen-free extract as mentioned below:
Percentage of carbohydrate = 100-(% moisture+ protein +fat +ash)
Statistical Analysis
The treatment means of different parameters were analyzed through one-way analysis of variance by Minitab software. The differences among the test doses were compared by Tukey's HSD test.
On the basis of significant values obtained after analysis of variance, no observable effect concentration on the proximate composition (NOEC) and least observable effect concentration the changes in the proximate composition compared to control (LOEC) were worked out. The maximum allowable toxicant concentration (MATC) based on the NOEC and LOEC values -which a fish can tolerate for survival and reproduction without much effect on its metabolic activity level -was worked using the following formula:
From this MATC value, the application factor was calculated using the formula of [15] :
The application factor (AF) worked out for one species may be used for other relevant species provided their 48 h LC50 is known [16] .
Results and Discussion
Assessment of the biochemical parameters in fish and other organisms is broadly used to monitor the water contaminants and their effect on health conditions. Moreover, biochemical parameters have been used as biomarkers for toxicant exposure and resultant effects in fish [17] . Dissolved oxygen concentration was maintained at 5.00-5.50 mg/L. Electrical conductivity, pH, and temperature of water ranged as 2.23-2.47 mS and 7.5-8.5 and 25ºC-27ºC, respectively.
The average level of DNA as 0.75 µg/mg was recorded in C. catla given to 1/5 th of the LC 50 of profenofos. The comparison of the means indicated highly significant differences (P<0.01) for an RNA/ DNA ratio among the three test doses of profenofos compared to controls ( Table 1 ). The highest RNA/ DNA was recorded as 8.753±0.02 in control fish and the minimum ratio was observed as 1.567±0.01 against the highest sublethal dose of profenofos. DNA concentration in C. catla ranged between 0.7-0.97 µg/mg ( (Table 1) . Organophosphosphates (OP) might acted as strong inhibitor of DNA synthesis, which ultimately reduce the level of RNA in fish muscle. This might be due to electrophilic property, in which the OP pesticides attack many enzymes and disturb their metabolic pathways. RNA plays an important role in protein synthesis, hence it might cause a decrease in protein level. These findings were in line with the findings of [18] [19] , who reported a significant impact of quinalphos on an RNA/DNA ratio and protein content in the fish. Profenofos might have a significant effect on the transcription and translation of the protein contents in C. catla, L. rohita, and C. mrigala. The quantity of RNA is directly responsible in the protein synthesis and it varied with age, life-stage, fish size, health status, and the environment. Hence, fish in a controlled environment had higher RNA/DNA ratios compared to the treated groups.
C. catla, L. rohita, and C. mrigala were tested against three sublethal doses of profenofos 0.038, 0.019, and 0.012; 0.06, 0.03, 0.02, and 0.041; and 0.020 and 0.013 mg/L, respectively. The sublethal doses of profenofos exhibited a significant effect on crude protein, moisture, fats, ash, and carbohydrate contents in C. catla, L. rohita, and C. mrigala. A rapid increase in moisture contents in these fish species was observed with an increase in the dose of profenofos. The maximum moisture contents were recorded as 87.82±0.01% in C. mrigala against the exposure of 0.041 mg/L of profenofos and exhibited a significant difference (P<0.01) compared to the control group (80.05±0.02%) as presented in Table 2 . In L. rohita and C. catla, minimum moisture was observed as 77.17±0.06% and 76.70 ±0.03%, respectively, in control fish. In L. rohita and C. catla an adverse effect on the water percentage was recorded in fish exposed to 0.06 mg/L and 0.038 mg/L of profenofos, respectively. In this study, decreases in protein, fat, and carbohydrate contents were recorded against different sublethal doses of profenofos in these three fish species (Table 2 ). In C. catla, Labeo rohita, and C. mrigala minimum crude protein percentages were observed as 82.29±0.031, 84.17±0.12, and 86.99±0.02 when exposed to 0.038 mg/L, 0.06 mg/L, and 0.041 mg/L of profenofos, respectively. In L. rohita more depletion in protein contents was observed against the exposure of 0.06 mg/L of profenofos (Table 2) . A highly significant (P<0.01) difference in total lipid contents in treated and control groups was recorded in C. catla, L. rohita, and C. mrigala. The minimum decrease in fat and carbohydrate was recorded when exposed to the concentration of 0.012, 0.02, and 0.013 mg/L in these fish species (Table 2) . Ash contents showed an irregular pattern of an increase or decrease in these fish species against various concentrations of this insecticide. In C. catla, the rise in the level of ash contents was recorded as: control < 0.012 mg/L < 0.019 mg/L < 0.038 mg/L. In L. rohita and C. mrigala the increase in ash was recorded as control < 0. 02 mg/L < 0.06 mg/L < 0.03 mg/ and 0.013 mg/L < control < 0.020 mg/L < 0.041 mg/L, respectively. Highly significant (P<0.01) differences were recorded between the treated and control groups of fish ( Table 2 ). The overall comparison for proximate constitutes in the muscle samples of C. catla, L. rohita, and C. mrigala exhibited highly significant (P<0.01) differences among all the constituents of proximate composition and among the various sublethal concentrations of profenofos and the control group (Tables 2). These sublethal doses significantly caused a stress in C. catla, L. rohita, and C. mrigala, which affected the nutritive components of fish muscles. [20] argued that water contaminants have a negative effect on the accumulation of protein and carbohydrates. The exposure of fish to various concentration of Profenofos caused an increase in the moisture percentage and was found to be inversely related to each other. In this study, the increase in the fish exposed to sublethal concentration of this insecticide caused a decrease in protein, lipids, and carbohydrates, which indicates poor growth of fish and vice versa [21] [22] . The nutritive contents of proximate composition were declined significantly (P<0.01) against the sublethal test doses of pesticide compared to control fish. [16] reported similar findings for these constituents when the fish were given different sublethal doses of monocrotophos. The fish under toxicant stress started the utilization of immediate sources of energy like protein, lipid, and carbohydrate, resultantly depleting the levels of these nutritive sources in the muscles as these all are interrelated in metabolism during the citric acid cycle [16, [23] [24] [25] . [23] mentioned the maximum decrease in protein content against the highest dose of monocrotophos. In this study, the protein contents depletion in the fish muscle might be because of diversion of energy due to the toxic stress of profenofos [7, 16, [25] [26] . [27] observed a decrease in protein in L. rohita after exposure to chlorpyrifos. [28] reported that unexposed fish might exhibit better nutritional composition compared to the fish treated with chlorpyrifos, which might be due to their better health and balance protein and lipid profile in the muscle of Clarias gariepinus. [29] reported a decrease in protein and fat content against sublethal exposure of 'Phorate 10G' in tilapia. The moisture and total ash content was increased after exposure to this pesticide. The rise in moisture percentage may be because of reorganization in the energy sources, whereas the increase in lipid amount showed the substitute mechanism to overcome the pesticide stress [25] . Our findings were inconsistent with the above-mentioned works. Carbohydrate percentage was significantly decreased after the exposure of C. catla, L. rohita, and C. mrigala with different doses of profenofos. The results of this investigation were inconsistent with the findings of [30] [31] . Carbohydrates were significantly affected by the exposure dose of 0.019 and 0.03 mg/L in C. catla and L. rohita, respectively (Table 2) . MATC was calculated on the basis of no observed effect concentration on the proximate composition (NOEC) and LOEC and presented in Table 3 . In this investigation, the MATC end point of carbohydrates in C. catla and L. rohita were comparatively more sensitive compared to protein, fat, and ash contents against the exposure doses of 0.019 and 0.03 mg/ L of profenofos, respectively (Table 3) . MATC endpoints in C. mrigala presented non-significant differences in protein, lipids, carbohydrates, and ash contents (Table 3) . These biomarkers can be successfully used as an early warning of a change in these freshwater fish species. The application factors (AF) determined through the controlled experiments may be used as a bioindicator of field conditions. The non-migratory nature of the major Indian carp made them more vulnerable and exposed to different contaminants discharged untreated from different sources into the freshwater ecosystems in the country.
Conclusions
The chronic application of sublethal concentrations of profenofos for a longer period of time is harmful to the fish and may induce changes in the nutritive constituents of proximate composition of fish muscle. It is proposed that the alteration in protein, fat, ash, and carbohydrate may be used as a biomarker to assess the level of pesticide stress. The information ascertained through these studies may be useful in regulating these toxicants. The application factor (AF) calculated in the laboratory experiment may be directly applied to the field situations. Knowing the value of AF for one pesticide, the MATC for other relevant insecticides can easily be worked if its 48-hr LC50 (lethal concentration) is known. 
